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M1 andM2Microglia Exhibit Significant Differences in their KD Channel
Expression
Eva Melanie Grossinger1, Hai Minh Nguyen1, Yi-Je Chen1,
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Microglia effector functions are widely associated with specific phenotypes,
which are referred to as M1 and M2. Classically activated M1 microglia
release pro-inflammatory cytokines and neurotoxic molecules and have been
associated with neurological damage in ischemic stroke and Alzheimer’s dis-
ease. Alternatively activated M2 microglia exhibit beneficial immunological
effector functions such as phagocytosis of debris and release of anti-
inflammatory and neurotrophic factors. Similar to B- and T-cells, microglia
activity is regulated by calcium (Ca2þ)-signaling, which is maintained by po-
tassium (Kþ) channels. We here investigated whether M1 and M2 microglia
differ in their Kþ channel expression by differentiating neonatal mouse
microglia into M1 and M2 phenotypes using lipopolysaccharide (LPS)
and/or interferon-gamma or IL-4 and studying the cells by whole-cell
patch-clamp. We identified three types of Kþ channels based on their bio-
physical and pharmacological fingerprints: a use-dependent, outwardly recti-
fying current sensitive to the Kv1.3 blockers PAP-1 and ShK-L5, an inwardly
rectifying Ba2þ-sensitive Kir2.1 current, and a Ca2þ-activated, TRAM-34-
sensitive KCa3.1 current. M1 microglia, obtained by stimulation with LPS
or a combination of LPS and interferon-gamma exhibited high Kv1.3 current
densities (~ 30-60 pA/pF at 40 mV) and virtually no KCa3.1 and Kir currents,
while IL-4 stimulated M2 microglia exhibited large Kir currents (~ 10 pA/pF
at 120 mV). KCa3.1 currents were generally low but moderately increased
following stimulation with interferon-gamma or ATP. This differential
Kþ channel expression pattern suggests that Kþ channel modulators could
be used to selectively inhibit detrimental neuroinflammatory functions of
microglia.
This work was supported by RO1 GM076063 and RO1 AG043788A1 from
the NIH.
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Background: Compared to that of healthy normal subjects, plasma very
low density lipoprotein (VLDL) of patients with the metabolic syndrome
(MetS) has been shown to be more electronegative and atherogenic.
Given the association between MetS and increased prevalence of atrial
fibrillation (AF), we investigated the mechanistic role of VLDL in the
AF pathogenesis.
Methods: We extracted VLDL via peripheral blood obtained from normal,
healthy volunteers and MetS individuals. The normal-VLDL and MetS-
VLDL samples were treated to HL-1 atrial cardiomyocytes respectively for
12 hours before experiments. Whole-cell patch clamp was used for recording
the action potentials, voltage-gated potassium currents, and L-type calcium cur-
rents. Calcium image with Fura-2-AMCa2þ indicator was applied for the intra-
cellular calcium measurements.
Results: MetS-VLDL treated HL-1 cells exhibited significantly higher den-
sities of repolarizing potassium currents, IKs and IKr. MetS-VLDL shifted
the activation curve of ICaL toward more negative membrane potentials.
Intracellular calcium signals were significantly enhanced by MetS-VLDL
but not by normal-VLDL. MetS-VLDL significantly shortened action poten-
tial durations (MetS-VLDL 178.1 5 32.0 msec vs control 257.2 5 52.7
msec; P¼0.0017). Addiotnally, frequent occurrences of early after-
depolarization on action potentials were noted in MetS-VLDL treated HL-1
cells.
Conclusions: The VLDL of MetS individuals augmented repolarizing potas-
sium currents, increased intracellular calcium release, and significantly short-
ened action potentials. These changes may contribute in coordination to
increased AF vulnerability in MetS.2960-Pos Board B390
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The large conductance Ca2þ-activated Kþ-channel (BK) is involved in several
pathophysiological conditions including periodic paralysis (PP) and myotonia.
Acetazolamide (ACTZ) a carbonic anhydrase inhibitor used in these con-
ditions, acts targeting BK in PP. Here we investigated the involvement of BK
channel in neuronal viability (SH-SY5Y cell) by combining patch-clamp
technique and cell proliferation assays. We performed these measurements
in the presence or absence of the selective BK channel blocker Iberiotoxin
(IbTX) (10-400x109M), the unselective Kþ-channels blocker Tetraethylam-
monium (TEA) (0.01-1x103M), and the BK channel openers NS1619 (10-
100x105M) and ACTZ (0.1-200x106M). Patch-clamp recordings showed
that atþ30mV (Vm) IbTX and TEA reducedwhole cell Kþ-current in a concen-
tration -dependent manner with an Imax of 46% and 90% respectively.
NS1619 enhanced Kþ-current of þ141% at 10mV (Vm). Acetazolamide,
that in muscle acts as a BK opener, in neurons caused a concentration-
dependent block of Kþ-current at þ30mV(Vm) with an IC50 of 1.73x107M
an Imax of 40% (slope¼0.37) (Number of patches¼12). These drugs exert
their effects also on neuronal cell viability, enhancing it: IbTX showed a
maximal proliferative effect (MPE) ofþ46% at 108M concentration, reducing
it at higher concentrations; TEA showed a concentration-dependent increase of
cell proliferation with a MPE of þ34% at a 104M concentration; NS1619 and
ACTZ showed a MPE of þ181.6% at 5x105M and þ135% at 100x106M
concentration respectively. Staurosporine (STS) (2x10-6M), a broad spectrum
protein kinases inhibitor, prevented the IbTX and TEA proliferative action.
These results suggest that BK channel may play a role in the regulation of
neuronal viability through an intracellular pathway that involves STS-sensitive
protein kinases. These findings may have relevance in the cellular repair mech-
anisms in the neuromuscular disorders. Supported by Telethon GG14096.
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In recent years, both aldosterone and mineralocorticoid receptor (MR) have
drawn attention as important factors that promote structural remodeling of
the atrium. Here, we investigated effects of chronic aldosterone treatment on
both intracellular Ca2þ and ion channels. Atrial myocytes were cultured in
either the absence or presence of aldosterone, and then the activity of ion chan-
nels was studied, under whole-cell patch-clamp conditions. Aldosterone
increased both the cell membrane capacitance (Cm) and the maximal conduc-
tance of ion channels that give rise to IKsus, INa, ICaT, and ICaL (30-100%).
Except for inactivation curves of INa, which were shifted by 10 mV, aldoste-
rone produced no major alterations in the biophysical properties of the chan-
nels. Interestingly, at resting membrane potentials the increase in INa was
cancelled by a greater fraction of inactivation. The onset and recovery of the
changes -in ICaT, ICaL, and Cm- were also assessed. In general, they required
2d to be noticeable, reached their maximal value in 6d, and returned to basal
values after 1-3d of aldosterone removal. The effects on both Cm and ICaL
were further studied -to explore both a potential dose-response relationship
and a possible implication of the MR. In fact, co-incubating with 10 mM of spi-
ronolactone (an MR antagonist) abolished both effects. Furthermore, their cor-
responding magnitudes fitted well with the Hill equation, being the EC50
values for Cm and ICaL 20 and 130 (nM), respectively. Interestingly, aldoste-
rone did not alter expression levels of Cav1.2, suggesting that the action on
ICaL arises from a stimulus in open probability. The hormone also produced
a 40% increase in the amplitude of Ca2þ transients along with a higher propor-
tion of arrhythmic cells (2.5-fold increase). These results contribute to under-
standing the role of the MR and aldosterone in atrial electrophysiology.
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The ion channels of T lymphocytes form a crucial part of the healthy immune
system, as they are important for cellular activation and proliferation. In
